In the present investigation we studied the fusogenic process developed by influenza A, B and C viruses on cell surfaces and different factors associated with virus and cell membrane structures. The biological activity of purified virus strains was evaluated in hemagglutination, sialidase and fusion assays. Hemolysis by influenza A, B and C viruses ranging from 77.4 to 97.2%, from 20.0 to 65.0%, from 0.2 to 93.7% and from 9.0 to 76.1% was observed when human, chicken, rabbit and monkey erythrocytes, respectively, were tested at pH 5.5. At this pH, low hemolysis indexes for influenza A, B and C viruses were observed if horse erythrocytes were used as target cells for the fusion process, which could be explained by an inefficient receptor binding activity of influenza on N-glycolyl sialic acids. Differences in hemagglutinin receptor binding activity due to its specificity to N-acetyl or N-glycolyl cell surface oligosaccharides, density of these cellular receptors and level of negative charges on the cell surface may possibly explain these results, showing influence on the sialidase activity and the fusogenic process. Comparative analysis showed a lack of dependence between the sialidase and fusion activities developed by influenza B viruses. Influenza A viruses at low sialidase titers (<2) also exhibited clearly low hemolysis at pH 5.5 (15.8%), while influenza B viruses with similarly low sialidase titers showed highly variable hemolysis indexes (0.2 to 78.0%). These results support the idea that different virus and cell-associated factors such as those presented above have a significant effect on the multifactorial fusion process.
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Introduction
Seven or eight different proteins expressing diverse functions during the replication cycle are coded by segmented RNA of influenza A, B and C viruses. Some of the viruscoded structural proteins form capsids showing helicoidal symmetry and glycoprotein spikes responsible for receptor binding, sialidase and fusion activities (1, 2) .
The envelopes of influenza A and B viruses present surface glycoprotein spikes such as trimeric HA (hemagglutinin) and tetrameric NA (neuraminidase) structures, which show receptor binding/fusion and sialidase activities, respectively, while influ-enza C virus exhibits only hemagglutininesterase-fusion (HEF) protein trimeric spikes as virus-specified surface structures. HEF structures are responsible for receptor binding, O-acetyl esterase and fusion biological activities (1) (2) (3) . Both HA and HEF structures are only able to expose their fusogenic activity when cleaved by cellular proteases in HA 1 /HA 2 and HEF 1 /HEF 2 , respectively (1,2,4).
The virus-cell fusion process has been studied at low pH in spectrophotometric or spectrofluorimetric assays using liposomes or erythrocytes as target membranes (5) (6) (7) (8) . Virus membranes are deformed and hemagglutinins assume different conformational changes when submitted to acid pH values such as those used in these assays (9, 10) . Qualitative and quantitative studies of the contents of gangliosides and sialic acid-containing oligosaccharides composing the cell membranes of diverse animal species have shown different levels of sialic acid-lipid-dependent surface negative charges (6, (10) (11) (12) .
Different strains of influenza A (13), B (14) and C (5,15,16) viruses have demonstrated different standards of behavior when analyzed by hemolysis assay on erythrocytes from some animals used as targets. Hemolysis experiments have been developed using erythrocytes from different animals exposed to the fusogenic activity expressed by different strains of influenza viruses. Neuraminidase activity has also been shown to affect the fusion process of influenza A virus strains, while the same behavior has not been observed in influenza B viruses (17, 18) .
The objective of the present study was to carry out a comparative study of the role of fusogenic structures of influenza A, B and C virus strains during the hemolysis process expressed on erythrocyte membranes from different animals with different lipid and sialyloligosaccharide compositions and negative charges, as demonstrated by others. The role of influenza A and B virus neuraminidases in the fusogenic process was investigated comparatively using erythrocytes from different animals. We also studied the variation in percent hemolysis by strains of influenza A viruses which have receptor binding activity for different cell receptors. 
Material and Methods

Virus strains
Strains of influenza
Erythrocytes
Human "O" group (Rh + ), rabbit, chicken, monkey and horse erythrocytes were used after collection in Alsever solution and storage at 4 o C. The cells were adjusted to 1% or 2% concentration in appropriate buffers for each test (9) and analyzed in triplicate.
Hemagglutination assay for preliminary standardization of all virus strains
Twenty-five µl of virus strains was diluted serially in equal volumes of pH 7.0 acetate buffer (0.154 M NaCl, 50 mM sodium acetate), with the addition of 25 µl of 2% human erythrocyte suspensions to each virus dilution. The titer (hemagglutination unit, HAU) of each assay developed in triplicate at 4 o C was considered to be the reciprocal of the highest virus dilution responsible for complete hemagglutination after 60 min incubation (9). All virus strains were then standardized at 1,024 HAU/25 µl with human erythrocytes.
Neuraminidase-lectin assay for analysis of sialidase activity
Twenty-five µl of each virus strain standardized at 1,024 HAU was diluted serially from 1:2 to 1:4,096 in equal volumes of 0.15 M NaCl, pH 7.2, with the addition of 25 µl of 2% (mammalian) or 1% (chicken) erythrocyte suspensions to each virus dilution. These erythrocyte suspensions were adjusted to pH 6.8 using acetate buffer (0.154 M NaCl, 50 mM sodium acetate). The microtechnique reactions were incubated at 37 o C for 120 min or until complete reversal of the initial positive hemagglutination, with later addition of 5 HAU of lectin (PNA) and final homogenization. The titer of sialidase activity was considered to be the reciprocal of the highest dilution of virus strain responsible for complete hemagglutination by PNA after 60 min of incubation at 25 o C (9).
Hemolysis assay for analysis of fusion activity
The fusion activity of the strains was analyzed at different pH values (5.5, 6.0, 7.0) in a total volume of 3.0 ml. Equal volumes (1.0 ml) of 1/10 dilution of each strain standardized at 1,024 HAU/25 µl and chicken (1%) or mammalian (2%) erythrocyte suspensions were mixed and incubated at 0 o C on an ice bath for 20 min. These erythrocyte suspensions were adjusted to pH values of 5.5, 6.0 and 7.0 using acetate buffer (0.154 M NaCl, 50 mM sodium acetate). The tubes were incubated at 37 o C for 60 min and centrifuged at 600 g for 10 min. The amount of hemoglobin released in the supernatant by virus-cell fusion-induced hemolysis was measured at 545 nm, while maximal and residual hemolysis were also evaluated by mixing 1.0 ml buffer solution and 1.0 ml erythrocyte suspensions with or without 0.1% Nonidet P-40, respectively (6,9).
Results and Discussion
Analysis of samples of influenza A, B and C viruses for fusogenic activity on human, chicken, rabbit, monkey and horse erythrocytes Different extents of hemolysis were observed when influenza A, B and C viruses were studied for fusogenic activity ( Figure  1 ) on human, chicken, rabbit, monkey and horse erythrocytes. The highest extent of hemolysis was detected at the most acid pH (5.5), in agreement with some reports (1, 7, 21) , although influenza A, B and C viruses have shown different hemolysis activity at this pH value (Figure 1) . Hemolysis experiments developed at higher pH values (6.0 and 7.0) showed very little hemolysis (Figure 1, Tables 1 and 2 ), as already demonstrated (1, 7, 21) . Influenza A and C viruses exhibited important fusion indexes when analyzed for hemolytic activity on erythrocytes of all origins (Figure 1) , while influenza B virus showed significant levels of hemolysis only when human erythrocytes were used. All strains showed nonsignifi-cant hemolysis patterns when horse erythrocytes were used as target cells, as observed in Figure 1 .
The results demonstrate that structural diversity of the HA and HEF hemagglutinating spikes of influenza A, B and C viruses is important to determine differences in their biological fusion activity when their fusogenic peptides are exposed to pH 5.5. These differences have already been demonstrated for different strains of influenza A or B viruses (6, 7, 18) . However, different hemolysis curves were observed in the present study for influenza A, B and C virus strains ( Figure  1 ). Figure 1 shows hemolysis percentages for influenza A, B and C viruses ranging from 77.4% to 97.2%, from 20.0% to 65.0%, from 0.2% to 93.7% and from 9.0% to 76.1%, when human, chicken, rabbit and monkey cells were tested at pH 5.5, respectively.
Low hemolysis indexes for influenza A (15.8%), B (5.5%) and C (8.7%) viruses at pH 5.5 were observed when horse erythrocytes were used as target cells for the fusion process (Figure 1) , which can be explained by inefficient virus receptor binding activity on N-glycolyl sialic acids. These glycolyl sialic acids are present in higher percentages in horse cells (95%) when compared to Nacetyl sialic acids (5%), which are observed at higher levels (95%) in sialic acid-containing structures of human, chicken, rabbit and monkey cells (11) . This lower hemolytic activity detected for all strains of influenza virus on horse cells may be explained by very low levels of surface negative charges due to the presence of sialic acids or gangliosides (11, 22) . The type and diversity of sialic acids of cell surfaces and the virus receptor binding activity on these structures have a direct influence during the fusion process (8, 16, 20, 22) .
Analysis of strains of influenza A and B viruses for interdependence of sialidase and fusogenic activities
The interdependence of cleaving activity of neuraminidase, receptor binding activity of hemagglutinin and hemolytic activity of hemagglutinin fusion peptide may possibly explain the nonsignificant receptor binding or cleavage of N-glycolyl-containing receptor structures reported above. Actually, the cleaving activity of neuraminidase on hemagglutinins already bound to cell receptors permits a 35-70 o tilt from the normal membrane (23, 24) , conformational changes and the insertion of their hemagglutinin fusion peptides into cell membranes (25) , resulting in the final fusion process (26) . The lower level of cell surface charges per horse erythrocyte when compared to human and chicken cells may be another possible explanation for these results.
Comparative analysis of influenza A and B virus strains showed the absence of dependence between sialidase and fusion activities for influenza B virus (Table 1) , and (Table 2 ). M1/5HS8 variant strain which was selected by adsorption of native virus preparations (M1/5) on substrate rich in Nglycolyl-containing receptor residues (horse serum) induced a significant sialidase titer (1024) and low percentage of horse cell hemolysis at pH 5.5. However, M15 variant strain exhibited a lower sialidase titer (64) and a higher hemolysis (83.0%), while nonsignificant differences were observed when human, chicken, rabbit and monkey cells were used. These results could be explained by the selection of an escape variant strain (M1/5HS8) containing virus subpopulations with probably different fusogenic sequences in the hemagglutinin amino acid chain (25) , without affinity for N-glycolyl-containing structures present at high percentage in horse cells. Indeed, clear diversity of virus samples in terms of receptor binding activity to Nglycolyl sialic acid residues has been previously reported (21, 26) .
This study demonstrates some unknown or still unexplored aspects of fusogenic activity, in an attempt to confirm the existence of multiple factors related to fusion activity. The mutant was obtained from M1/5 by replication in the presence of 1% horse serum, which contains 95% of its sialic acid residues in the N-glycolyl form. Sialidase activity was measured in a neuraminidase-lectin assay and is reported as the reciprocal of the highest virus dilution causing complete hemagglutination by PNA. Fusogenic activity was measured by hemolysis and activity is reported as percent hemolysis measured at 545 nm. All virus strains were previously standardized at 1,024 HAU/25 µl. HA and HEF surface structures of influenza A, B and C were shown to act differently on cell surface membranes, which exhibited different compositions in terms of sialic acidcontaining structures and surface electron charges. The evidence obtained indicates that many parameters must be considered for chemical, functional and structural studies on virus hemagglutinins and cell membranes. The present results support the idea that
